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Abstract
Objective-To examine the practicability and accuracy of Doppler echocardiographic methods in determining aortic valve area. Methods-Aortic valve areas determined by three methods using Doppler echocardiography (applying the continuity equation and the modified Gorlin formula using data from Doppler echocardiography and right heart catheterisation) were compared with values obtained by heart catheterisation. Patients-100 consecutive patients with aortic stenosis aged between 34 and 83 years (mean (SD) 66 (10) Conclusions-All three Doppler echocardiographic methods were practicable in routine clinical practice for patients of all ages, but they were of limited accuracy when compared with the aortic valve areas found invasively using the invasive Gorlin equation. However, these deviations may not always be due to inadequacies of the Doppler methods: they could also be caused by limitations in the Gorlin formula. Doppler methods can be repeated if required, they allow examination of the morphology of the valve, and they subject the patient to considerably fewer risks than the invasive procedure. An adequate strategy in determining the severity of aortic valve stenosis would be to calculate the valve area by Doppler echocardiography as well as considering the valvar aortic pressure gradient. The valve area alone should not be relied on exclusively, as has been the increasing practice in the past few years.
(Br HeartJ 1995;73:293-298) Keywords : aortic valve area; Doppler echocardiography; heart catheterisation; aortic stenosis Doppler echocardiography enables the quantitative non-invasive determination of the severity of aortic valve stenosis. This can be done by determining the pressure gradient at the aortic valve'-3 and also by direct calculation of the aortic valve area.4-7 Indirect ways of determining the aortic valve area such as the t-80 ms method,8-'0 the ratio of acceleration time to ejection time," and the difference in ejection time'2 enable only a rough estimate of the severity of aortic stenosis. We applied a completely non-invasive method using the continuity equation6 and semi-invasive methods using the modified Gorlin formula5 7 and compared these estimates of aortic valve area with the results obtained from invasive left heart catheterisation.
Patients and methods
One hundred and thirteen patients with suspected aortic valve disease were consecutively examined by M mode echocardiography, cross sectional echocardiography, pulsed and continuous Doppler echocardiography, and heart catheterisation between May 1987 and January 1991. Six patients were not suitable for the study because they had grade III or IV aortic insufficiency on heart catheterisation"3; one of these patients also showed stenosis of the aortic isthmus. Although all 113 patients had a gradient across the aortic valve, no satisfactory Doppler echocardiographic views could be obtained in two patients and retrograde passing of the calcified aortic valve was not possible during heart catheterisation in one patient. Aortic stenosis was diagnosed in one patient using the Bernoulli equation3 after performing Doppler echocardiography at a maximal flow velocity of 2 1 m/s, but we found no peak to peak gradient on heart catheterisation. As a result of this, patients with a flow velocity of 2-1 m/s or less were not included in the study (two further patients). One patient had auscultatory and echocardiographic and Doppler echocardiographic valvar aortic stenosis with a maximal flow velocity of 4-25 m/s over the aortic valve but no peak to peak gradient during heart catheterisation. This remained unexplained. Thus 100 patients (46 women) were considered in this analysis.
Eighty three patients had sinus rhythm, 16 patients had atrial fibrillation, and one patient had alternating ventricular pacemaker and sinus rhythm. The mean age of the patients was 66 (SD 10) years (range 34-83 years). Heart catheterisation showed that 13 patients had pure aortic stenosis and 87 had aortic valve disease with clearly predominant aortic stenosis. Five patients also had mitral valve disease, one patient had pure mitral stenosis, and 33 patients had predominantly mild mitral insufficiency. One patient had an aneurysm of the ascending aorta. Coronary heart disease with over 50% stenosis was present in 37 HEART CATHETERISATION Right and left heart catheterisation was performed in 100 patients with valvar stenosis. Cardiac output was determined by Fick's method using the arteriovenous oxygen difference (between the ascending aorta and the pulmonary artery) and oxygen consumption tables.'4 Cardiac output was also calculated by thermodilution. Catheterisation was performed using the retrograde femoral artery technique in all 100 patients. Using the consecutive pressure curves and at a speed of 100 mm/s the mean systolic pressure gradient was determined planimetrically by hand from 3-5 beats, whereby planimetry was performed twice for each beat. The aortic valve area was calculated according to Gorlin and Gorlin and was again averaged from 3-5 beats. '5 In the pullback the mean planimetered systolic gradient was used for the Gorlin invasive formula. In all cases ventriculography (right anterior oblique projection 30°, 30-45 ml Ultravist contrast medium, flow 8-14 ml/s) and aortography (left anterior oblique projection, 40-50 ml Ultravist contrast medium, flow 14-16 ml/s) were performed. The ejection fraction was calculated from ventriculograms by using the formula of Dodge et al. '6 Coronary angiography was then performed.
STATISTICAL METHODS
Comparison of the aortic valve area obtained using each of the three methods with that obtained by heart catheterisation was investigated using the differences between the methods of measurement, which were described using mean differences and standard deviations. Limits of agreement and precision of bias were calculated using 95% confidence intervals for individual differences and for mean differences respectively. ' Comparison ofDoppler echocardiographic methods with heart catheterisation in assessing aortic valve area in 100 patients with aortic stenosis Aortic valve area by heart catheterisation ( Aortic valve area by heart catheterisation (c apical *95% confidence interval for difference between the two methods, or how far value is likely to be with 95% probability from value by heart catheterisation. t95% confidence interval for mean difference, or the average underestimation or overestimation of aortic valve area as measured by heart catheterisation. and III, the aortic valve area was obtained using data from Doppler echocardiography and right heart catheterisation-namely, the stroke volume in method II and the cardiac output in method III. Cardiac output and stroke volume could also have been obtained non-invasively by Doppler echocardiography. This is, however, extremely time consuming, requires considerable experience,39 40 and is often technically impossible in older patients.
To measure the disagreement between each of the Doppler echocardiographic methods and heart catheterisation, pairwise differences of aortic valve area were calculated for each of the 100 patients. The valve area obtained from the Doppler methods differed by up to 0-56 cm2 (95% confidence limit) from the value obtained by heart catheterisation. This must be considered as unacceptable, given that a value of 0-8 cm2 or less indicates aortic valve replacement and a larger value indicates a more conservative approach. Considering the disagreements as percentage differences, we found that the Doppler echocardiographic values were likely to lie somewhere between 51% below and 78% above those obtained by heart catheterisation (with 95% probability). Comparing the variability in individual patient measurements, we found that methods I and III overestimated or underestimated the aortic valve area to a similar extent. Method II had a slightly narrower confidence interval, but methods I and II largely produced similar results. Methods I and II are likely to underestimate the aortic valve area on average and method III may underestimate or overestimate aortic valve area.
The considerable discrepancies between results obtained by the three methods and those obtained by heart catheterisation require some explanation. Some recent evidence indicates that the Gorlin formula, the accepted standard for assessing aortic stenosis, has some accuracy limitations for aortic valve areas between 0 5 cm2 and 1 5 cm2 27 Methods II and III are considered to be semi-invasive as they require data from invasive right heart catheterisation and those from non-invasive Doppler echocardiography. They have the advantage over the Gorlin formula that left heart catheterisation is not necessary. Serious complications can occur during left heart catheterisation-for example, as the result of dislodged calcium deposits at the aortic valve or the injection of contrast medium into the left ventricle.
Unlike for the continuity equation the prestenotic flow velocity, vl, and the diameter of the left ventricular outflow tract are not required. Cardiac output and stroke volume are determined by right heart catheterisation and thus the transvalvar flow, which directly influences the equation, is determined exactly. Although the cardiac output used in methods II and III is the same as that used in the Gorlin invasive formula, the agreement of these methods was not better than that obtained by the continuity equation. The equation for method II also contains a constant and both methods II and III are frequency dependent.
The pairwise comparisons of values for all methods show the potential differences between Doppler echocardiographic methods and heart catheterisation in determining aortic valve area. We observed extreme deviations for individual measurements, such deviations increasing with increasing aortic valve area. Furthermore, the deviations observed may not always be due to inadequacies of the Doppler methods: they could also be caused by limitations in the Gorlin formula. Further similar studies on larger numbers of patients are required to achieve more precise estimates of differences between the methods.
We thus conclude and recommend that the valvar aortic gradient should always be determined when evaluating aortic valvar stenosis. This is crucial, especially for patients with normal ejection fraction, just as it is important to consider the aortic valve area in patients with impaired left ventricular function. We found that 8% of patients in our study whose aortic valve area indicated valve replacement according to the Doppler method had a low peak to peak gradient. Similarly, 8% of the patients whose aortic valve area indicated valve replacement according to the invasive Gorlin method had a low gradient. These two groups of patients were exclusive (no patient was common to both groups), and none of them had clinical symptoms of severe aortic stenosis. Invasive left heart catheterisation is not strictly necessary, even in elderly patients, because the Doppler echocardiographic technique is practicable and the limitations of the Gorlin formula apply to patients of all ages. 
